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1. INTRODUCTION

In the development of shock test and design criteria, it is
desireable to compare the shock and Fourier spectra which have been
obtained from analyses of field mecasured conditions in the response and
frequency domains with corresponding spectra for various forms of idea-
lized shock pulses. The purpose of such comparison is to ascertain
whether any simple idealized form of shock pulse can be identified which
has similar spectral characteristics to the actual service condition. In
general, it is advantageous from a laboratory simulation point of view to
associate complicated service shock time-history conditions with simpler
idealized forms which may be more feasible to create in the laboratory.

Presented in this report is a compilation of shock and Fourler
spectra for a variety of simple and complex idealized shock pulses.
These spectra are plotted in a normalized four-coordinate format based on
the well known four coordinate vibration nomograph and serve to relate
sinusoidal frequency displacement, velocity and acceleration spectral
parameters. The normalized spectral plots have logarithmic coordinates,
therefore, the shape of the spectra will remain unchanged for adjustments
in frequency and amplitude to facillitate correlation with spectra from

measured service conditions.
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2. ANALYSIS IN THE RESPONSE DOMAIN

Analysis to determine the responses of simple single degree-of-
freedom systems with negligible mass to shock motions is called analysis
in the response domain. The results of such analysis for particular shock
inputs are conveniently presented in spectral form as a graph of maximum
displacement, velocity or acceleration responses of simple systems plotted
as a function of their natural frequency. Such a graph is called by the

general term response spectrum. In actual engineering practice, theore-

tical response spectra are seldom used. Rather, an approximate response

plot called the shock spectrum has achieved widespread acceptance and

is the subject of current standardization efforts, The distinction between
response spectra and shock spectra will be discussed briefly in the
following paragraphs.

The simple system used for general analysis of response is the base
excited damped single degree-of -freedom system shown below. It is

assumed here that the response motion of this system has no effect on the

input shock motion.

m x{t) Absolute deflection of
mass relative to inertial
space.

$(t) Deflection of mass

relative to foundation u(t) . .
. } Input shock motion relative

to inertial space.

MITRON



The motion of the mass may be defined by:

J(H = x@t) —u ) ()
YO+ 25w JO o dH) =0 @

The general solution of Equation (2) provides the deflection response of

the mass relative to its support 4s a function of time:

. fwut
d(H) = 0(6 cos wdf—kf——r——S/NuT)

J° fe
+f«74 c SIN W, T

t
{ —fe, (¢-7)

‘“af (7)€ SIN(7-7) 4T (3)

The first derivative of the relative deflection responsc provides an equation

for the velocity response of the mass ralative to its support as a function

of t
o.) e -_S'(.:,'f’
f(f):—ora)e S/Na),f+o£€ (Cosa)dz"

_ f/—_i_j"f S/wa) ["(?’)éf (7 r)[cosq(t-z)

— \/T{;F SIN «, (- ?)J dT (4)

The second derivative of Equation (») gives the response acceleration of

the mass relative to its support:

J(?‘)‘: ‘cfoa),,zefu'f(cos o, — J,—‘r—r SIN 1")
( so.r( 25"~ 1 ,
—"(ft)"e /_l___J_S/Nc,f choga)z‘)

axy ~Jew. (¢-D[RS 1
) £(T)e, [/,—f— SING, (r-7)

—2fcosw, (7-7)d7 .
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The absolute deflection, velocity and acceleration responses of
the simple system relative to inertial space can be obtained by combining
Equation (i) with Equations (3) to (5). It can be readily seen that at the
conclusion of the input shock pulse, the relative and absolute response
motions of the system are the same. This response motion after the pulse
is over, is termed the residual response. If the maxima of the theoretical
damped displacement, velocity or acceleration responses defined by
Equations (1) to (5) were plotted as a function of natural frequency, this
would constitute defining the effects of shock motions in terms of res-
ponse spectra.

Primarily because of its common usage as a measure of damage
potential, the shock spectrum is based upon the maxima of relative res-
ponse deflections defined by Equation (3) as a function of natural frequency.
The logic for this is that, (1) stress or strain in flexible members is propor-
tional to deflection, and (2) peak values of stress or strain can be related
to damage or failure in structural elements.

The shock spectrum is expressed in velocity units by considering
the relative response deflection is sinusoidal at the system natural fre-
quency, (which is exactly true for residual response only) and computing

the peak velocity as:

V= 2 f (®

A X
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The velocity defined by Equation (6) is termed maximum pseudo-velocity

to distinguish it from the true relative velocity defined by Equation (4).
In general, the pseudo-velocity will be in close agreement with the true
relative velocity. However, because of its frequency dependence, the
pseudo-velodity will be respectively lower at low frequencies and higher
at high frequencies than the true relative velocity.

The shock spectrum is expressed in acceleration units by consid-
ering, as above, that the relative response deflection Is sinusoidal and
computing the peak acceleration as:

Q.= Ag =(27rﬁ)zo(w = ZTf vV, (7)

MAX

The acceleration defined by Equation (7) is called the equivalent static

acceleration. This is expressed as a multiple of gravitational units,

e.g., 1lg, 5g, etc., which if applied as a steady acceleration will pro-
duce the same maximum relative deflection response as the input shock.
For an undamped system, the absolute response acceleration and the
equivalent static acceleration will be identical. This can be seen by
comparing Equation (2) with zero damping to Equation (7). With increasing
system damping, because of its frequency dependence, the equivalent
static acceleration will tend to be lower than the absolute response accel-

eration at low frequencies. At high frequencies these two parameters will

MITRON



tend to be in close agreement even for high values of damping. In general,
it has become conventional to consider a shock spectrum as undamped

unless otherwise specified.

2.1 Normalized Four Coordinate Shock Spectrum

The shock spectrum parameters of relative deflection response
cf, speudo velocity response ¥, and equivalent static acceleration &
are represented by Equatiorlé (6) and (7) as peak sinusoidal quantities of
system in free vibration at its natural frequency. This leads to a convenient
simultaneous presentation of all these parameters on a four coordinate
vibration nomograph.

The four coordinate representation of shock spectra can be
made still more convenient for comparison with other spectra and making
design calculations by normalizing the shock spectrum parameters with
respect to the quantity Gg 7. This quantity represents the velocity of
a square pulse having the same peak acceleration Gg and duration 77 as
the shock input whose spectrum is to be plotted. Dividing both sides of
Equation (6) b}QQ_g_T, we can define a normalized acceleration parameter A,

as follows:

v,

A — Gn, = 2 77£ _____9;‘;) (8)
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Defining the quantity in parenthesis as the normalized veloclity parameter
V, and rearranging terms we obtain the expected dimensionless ~-frequency

product relation between normalized acceleration and velocity:

A |
A= L =2T (£ )V (9)

G
The normalized velocity can be related to a normalized deflection parameter

by dividing both sides of Equation (7) by the quantity Gg *:

JR— FHAK — - (fnn-
—Gjt o wa g7

(10)
Multiplying numerator and denominator by ¢ we obtain the desired dimen-

sionless ~frequency product relation between normali-ed velocity and

deflection:

V=27(£2)D (1

where J
D = Normalized deflection = max
G /tZ (12)

Combining Equations (11) and (13), we obtain a relation between normalized

acceleration and deflection:

VY
A= = (A7) D )

Equations (), (11), (12) and (13) define the normalized acceleration, velocity,
deflection and frequency coordinates which are used for plotting the shock

spectra presented in this report.
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2.2 Example of Shock Spectrum Application

As a specific example of the application of the four coordinate
shock spectrum, consider the case of a laboratory half sine pulse shock
test that is being utilized to determine the shock fragility rating of an
undamped critical equipment component whose natural frcquency f, =
100 cps. The critical component fails during a shock input of G g= 100g
and pulse duration T= 0,001 sec. What is the component' s fragility
rating in terms of equivalent static acceleration, pseudo-velocity response
and relative deflection response? The dimensionless frequency parameter
£, T =(100) (.001) = 0.1. Using the half-sine pulse shock spectrum of

Figure 52, we read:

A=0.4
V=20.64
D = 400

From which we can compute:
Equivalent static acceleration a = Gg A = (100g) (.4) = 40g

Pseudo-velocity response v = Gg V= (100) (386) (.001) (,54)
= 24.7 in./sec

Relative deflection response d=a ’Z'ZD= (100) (.001)2(400) =(,040 in.

As a second example, what is the amplitude of a half-sine shock
pulse whose duration 77 = 0.010 sec that will produce the same failure,

i.e., equivalent static acceleration, as the previous example?

]
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The dimensionless frequency parameter _§n’l’ = (100) (.010) = 1,
Now from Figure 52, we read A = 1.7,

Therefore, we compute a = 40g = Gg A
Gg = 3]%9-— = 23.5g

3. Analysis in the Frequency Domain

Analysis to detefmine the Fourier spectrum or frequency compo-
sition of a shock transient is termed analysis in the frequency domain.
The Fourier transfor.mation, or equation defining the frequency spectrum,
of a shock acceleration time-history designated as U (t) starting at
t =0 and ending at t =T is:

et

Flaw]=[U@)| = [i@w e ur s)

o
Equation {I5) may be written alternatively in terms of its real and imaginary

components as:

[U(wj :/‘;ﬁ)cw wt Jt -—j/f:'(f) s W dE (16)

[V = [0 o] + 5[0 u)
The ahsolute magnitude of the Fourier transform in Equation {15) is the
value used for plotting the Fourier spectrum, and this may be written in

terms of its real and imaginary parts as:

[ Ucos] = e + [Vut] 18)
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The phase angle between the absolute magnitude of the Fourier transform

and its real component is:

(9(5«)) = arctanlg’—(i)l— (19)
[ V..co]

A convenient relation exists between the Fourier spectrum and
the residual undamped response shock spectrum for a given shock input
motion. From Equations (3) and (4) the relative deflection response J,. ()
and relative velocity response J:,(T) at the end of a shock input for an
undamped system initially at rest will be a free vibration at the system

undamped natural frequency < , as follows:

J (7)= u(’z’)S//V e, (z‘ r Jdr

and —"“fu(’r)S)MOZ“COSU?c/T + = f“mw“’r-‘”‘/")f 7

. e (20)
d (7)= -j i (7) cos w, (-0 7
= —J KD cosert coscl,T dT — oié(r)s//vu,fs//v w,r dr {21)

Combining Equations {16), (17), (20) and (21), we obtain the following

equations defining the relative deflection and velocity at the end of the

pulse:
d ()= - ;'):[(/c (w?/S/N 0, T — ﬁ[@fv)]wf w, T (22)
e Sd=—[lifcosor + [Usmor @9

MITRON
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Considering Equations (22) and (23) as a set of initial conditions, an
equation defining the maximum residual sinusoidal response amplitude

is readily obtained as:

6= JHor+ B
:Z’Lﬁu [“’JJZ”" [Us ("JZ = M (24)

o,
Since the residual vibration is sinusoidal, it is convenient to rewrite

Equation {24) as:

o (), = (&)= V)] 25)

NAX

From Equation {25) it can be seen that the maximum values plotted in a
residual velocity (response) shock spectrum for an undamped system are
identical to the Fourier spectrum for a shock acceleration input. This
relationship between the residual shock spectrum and the Fourier spectrum
for a given shock acceleration input is noted on each of the spectrum plots

presented in this report.

3.1 Normalized Four Coordinate Fourier Spectrum

The frequency components of a Fourier spectrum are sinusoidal
quantities, hence they can be interchangeably expressed in units of dis-

placement, velocity or acceleration as follows:

2
Q... =2 f LcA_:&Wf} S o, (26)

A

v o= 27f d,,_ (27)

MNAx
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It is convenient for purposes of simultaneous plotting of shock and
Fourier spectra to normalize the components defined by Equations (26)
and (27) with respect to the quantity Gqg 7. This quantity represents the
velocity of a square wave shock pulse which in the limit will envelope
any simple pulse with peak acceleration Gg and duration . The quan-
tity Gg T also represents the zeroth frequency component for the Fourier
spectrum of a square wave acceleration pulse, as can be seen by setting
W=0 in Equation (15). Dividing Equations (26) and (27) by the quantity
Gg T andrearranging terms, a set of normalized acceleration velocity
and displacement parametcrs analagous to those defined previously for the
shock spectrum are obtained as follows:

A= gue=z2n(f7)V =25 (59D (28)

Ve sy =50 D o

D = ““7“&(/%" (30)

Il

Inasmuch as the normalized shock and Fourier spectrum parameters have
been made numerically identical, the desired objective of using a single
graph to depict both the residual shock spectrum and the Fourier spectrum,
has been achieved. This is noted in the plots of Fourier spectra presented

herein.

4. Compilation of Shock and Fourier Spectra

The following pages present a compilation of shock and Fourier
spectra for a variety of simple and complex shock acceleration pulses. The
purpose of these spectral plots is to permit comparison with similar spectra

computed from measured service conditions and thereby facillitate work on

MITRON
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the development of shock test and design criteria. The spectra are
grouped with three pages for each of the shock acceleration pulses

included in this compilation as follows:

Shock and Fourier Spectra

{a) Shock Spectrum (undamped).
(b) Fourier Spectrum (also represents undamped
residual shock spectrum).

Damped Shock Spectra

(a) C/Cc = 0
(b) € /ee =0.05

(€} ¢/c. =0.10

Il

0.20

il

(d) C/Cc

Fourier Phase Spectrum

MITRON
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PARAMETER
(Ggr)-(V) in./sec
a = (Gg)-(A) 1n./sec2
FIGURE 1I-13

d = (G72)-(D) in.
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PARAMETER
(Gg+)-(V) in./sec
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FIGURE 1I
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FIGURE II-17

(Gt -(D) in.
v = (Ggv)+(V) in./sec
a = (Gg)-(A) in./sec2
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Pulse with Rise Time = v/4
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FIGURE 1I-40 Fourier and Shock Spectra for a Triangular Acceleration

MITRON



R RIS 5 RN 7y
) LEVEAY [ S - o Ry ,Y VIR S A : rl\\\\\x
\o.Y...- '.llq,. \\v,...f. N ,.‘ Ao ..‘->,|1-4.
. [ R N S N fw.:.\rr Mo e o ;.,.y., oL - A
oy e L Ly S L :
‘ : M.J,_ A R ..“.“,.,. Ot AN A LR
| . ,r.f RPN N P _ o
R SV N SRR B S RLIOK AULNE N t.L o A
| i llllﬁt. o T o
- _H A.H_ v... .v . .A.:“ 3 g .v .A,. »
W AL TR £ O SR R D S AP UL P
- .v._ 1 -\. .. Tyt Voo ! L Ve (Y L \w v
w\v.w. s « ! 4 R .‘.w... P ‘. ¢ I A . b
A .o [N vy \ K ! . Ca
ey 4y . e A T ' .-
- Q A IRARE FI O ’ . .h,.,\A . ’ ' : \\AO
— AP alaial v Ll -.\. .10 . 7 - e e g 5
4¢W4 = o ~ - v|\\;o av...a,« Poor s pe - eiad by B “ g , » ., \\
ALg W N \(..»‘: VRN iy Ny ,.T‘\(:f,:.f Tyee k - .:~\\
Mok ‘_r.*.:\_.«‘\ v L. O bor by e . M
Nt by b S - L L "
RS o g . SRR ISR
. oon \ o . P . R S A
re w:,ul,. \.....%\r_\ Y.\ . . O N
col ,......%. . . L i
L b oA L A .
,.+w\t“..-4\/., -,\:\»,Pz\\/ O 0 .p Q * o+ bt \
1% ~;~x .“... b d /W v, , : n ot
R 5 B G IS N, | ‘ ce Y
X 4 u\m\ (Pl Y (Nl! .V
«»- \ﬂ 4..“,f., N } '
G F U S h OO
/%Y‘ px g . ~..¢ ., L.w. ..‘
NI N P “
SICEAVEENETAK (3L K
f.4 r...ﬁlf‘ f, ¢\\(:); 7.44 [S . N -
wnﬁ*‘ * + 141*\\ \4)4.4.7‘.‘«. IN .- .
YN R S P LRy SN PRI RS NS
r"w‘rr\%\wﬂ | S ‘T R S R k. B S U U Y
. ., « i i + vy .
|~q‘~.10rs*_ .(*\ ).\M\ v - -n.AA‘(? R Lai{f Y Y 1M\)\ -y
RS e
SR bo-a LIRS TSR Rl St
H .%-- --,', g ”” . ’ ~ ».--.. :
K A‘Lﬁ ~.‘m‘.:.%.ﬂl‘-¥.‘\l \r” L B P\:.\P ~ "v. . r%.f\.p.‘”.
h s [y \ AN ot . ‘ . .
_WL 4 ~I--K»,-ﬂ,-r#/ Y, N*A “ v .v., ¥ "y “‘\ -v(..”.
1 ,,l g » w N a ! a- .
& &\M\t - J)r v Lo p 4l B N rv-“.‘m‘ﬁ r 4
TER B AREE oot T b T
o .sﬁ‘. m.-‘/ o w.~*~ ’ H TS .,wv.~ ~.,~ P .
by e O L T B TN e,
f}. ..“ W lw W ..v*.ﬂ \:‘: DX, ._.v. 4 }
SR SAOR (SE I (1 RN Py o ]
o

A

d3L3NYHYd ALIJ03A

fr

(FREQUENCYJIX(PULSE PERIOD)

SHOCK SPECTRUM

relative deflection response

pseudo velocity response

acceleration component | absolute acceleration response

Z| ¢
2o
x|l g §
Ton
A
Pom.
©n{ 0 §
|l & O
Bl 22
3| & 8
v
=l 2 o
T >
T
2 7%
N o
nn/.
R.l.ln
8la e =
588 2
> I
N
mfgg
N ECRCRY
Hoou
o > ©

Damped Shock Spectra for a Triangular Acceleration
Pulse with Rise Time =371/8

FIGURE II-41

MITRON



CIRLL ]

FOURIER PHASE SPECTRUM

v FRE M TR L DRI
Triete + cbr bttt ittt J+ 4+
4+trt 11 +- vt 4t -ttt b RES RS
s } .Tj . ;L chobetibedy e bt
* T+t Y AR it++?w.., - -
R ' S ' '
et . e et R B )
! ! ; | ,bv )
* w + “ 4%’;1 g
S | i | ~
| v _ ! , | |
o ™ | | 1] ] ! w (@)
G P, RIS | ag * T ﬁ [k 20 Sl didn 3R 8 =4 O
_ ! { [ _ . ——
A ” AR ” 24
A L | "
| "t '
aae .. . RN a
= 3 . + ,

112113 117 ) )
1T . 'wn
EES0RASEEERENE =

' AR RRARN LR |
- 4 . a
,_ ] ) L )
ot _ x
o _ i e
M G B A MF m ., 4 >
i Vot " 1 ' ; . O
o e w ] . o
+ T IRBRE N . .H,v ! b
- _ | _“ ! | : | O
SRR R AR R R L e ol
_;Q_g_f 4 N T
-4+ - B I i st et I DI I e e e .
‘<.< oxw* .~4+ rouu\lwq‘¢wa4.‘.a~ bt O ..M.‘M H A
porg et OO ASE0EEEE D!
+ +t14 :.H.H.,:l.. S AEE
444‘+1¢\~4w\v'ﬂvra+w«.r,ﬂiv~ +
NS EUWE . +
A MAM1< 4 Al DA AR Sl M J‘
! . bt N
AEME SR IRED R ensaan snheh & iR alin 24
. ™1 T !
et ottt
SRR v S
. | | | | ___
b

00.
0.
160,

AT T R T A
($33¥930) 379NV 3ISVHd |

Pulse with Rise Time = 37/8

MITRON

FIGURE 11-42 Fourier Phase Spectrum for a Triangular Acceleration



LU T

—

e
' r.. / mv\\ﬂ\‘u)ym
» ! Aoy * ’ - nt\\\\, N
\.v......,:_l..d.g\\\-._ - SR LR AR %
.".r.r INE NN S Lo A ° £
. , : P 0 c
+ ’e f“!'m,f L (nft A .. . /7 f o] ° w [
Lol Y s h 9w o d
SRR A Q. c bt 5]
AT Zl 28 ¢ ©
Illllﬁ .~»+.\ \W o} B ” ) 2
— - | ' I ' o | ~ m C o H.u 0
Sty o8 0 oS~ ¢ e
nw ..L.t;\ 0 o |ml % » 8 <
- PIERS & = &l S E g -
Aoy %) @ | < g o =
» { 0 Qo @ © g
DA Wm MD: Of o 2 9 aﬂ
v e v -t -t
SRR e (AR w |Gl 28 2 E o
l*(dl*[n.oi S e .,vw.wrd — S o 3 O m
NS R N SO - S & B oz
r.~,rr.+, ‘r.n‘;r,.\.‘ . f,v.,r r..r. Hauu 3 g 2 s mT
Nt b by - Pgtin @ o = -2
NNy ALl Be — g g
o\.q:r,dl; \vt\f-\ Y [T N 1...?4. & > M - I U
..,_q,.,...n..q.\,._?. ;".“r MO —~ o) w - m ‘Cm
fﬁf&y&ﬂ- .,.\r\/‘f e l.r:; i ‘? U..lb >~ ¢4 [ = Q. W.....
T oA I N e, OF O |Fl 9 & E w3
3 ~ % ~ X ! o [
YRR DR O 1A Z 1988 S e
Ly »Jxv_..,{.»ﬁi\, iiv.ﬁ-ﬂni w85 g O oy
...x-..\ «_y.,.,/ Loa v.w_~ wis | D tm| O g 6 hnm
RECE AR AN e O |ej g 0 J - o
by L ety w |8l S 5 B ©
AR RS MY TIR . o ) b3 8 o
PP IR IN QIR GROAAS S By W) AT, Bl 88 N
b T A et b DR ™ o S 8 5
LR 4:*1;)% IRl AR Y dt AL LRI Wl @« 9 © S
NN Pt e At = ks X R R, v > o 5
THYEY %:r\““« AN SC U § IS G P v S
SN LIER RIS G Ty vl oo
5;.~f4 4:%&“&.& 7 wj.«m.r ‘;.M«M.r AN \\ O~y
Pt » 2 N » ' { v . . f N
KR S | Al &8 2
SERECARS N Y U R N NG )
£ ﬁ m\mc...-.mv.l.br.\-l.\,&.i‘.ll \rwﬁ* 4 .T v“. R .Jf..«m..-ﬁ.«: [ \ m ..m m n. n
3 Y A o L Ble s 2 2
SR 7B LGNNI SR £ 8 R S S| 22 8 5
N T T v ~ Tz O
L..Jq\,*; ﬂ,..&,/ st ,..~,7. [ .v,.-.~ RS m N n
IR R (I Gho e 2009
I.VW* i W , - ..... . v e .VA \ , v I.,f .\I » : .
NN RO LIEN! | SO N IR LAg 9 >
- ©
§ g
- -]
A H3L3WVdYd ALIJ0T13A -
.ﬂ . e s e g

MITRON



=

. .-

e
N
%
325

)&/I),u\s

100.0

A

¥3LIWvHvYd ALIDJ03A

H 4 / . . X 'Y :~ 3 v 10.\\\ 4
.-‘a*..- :.‘l\..‘\\: .vf:.l.l-‘.\
.w.rr O O s iv..: N N
t oy . [ S Yoy SN Lo
- \N #M-M.. Ny cm\ Ay . , . fee s M..m, T. . (M‘ Ay >
! N I } RO
D R St LT N J,r..?/a v h
; { ,_ w f...‘.\.-. . o, ~, ,»— ..
— G e
| + 4 A . -,.v.... . ~
3 o e e ! 0
?s ‘R\* ’ WS A r, . - r“wuq.‘.M\ r 1&! &.f - (e ]
- V;. X ,- ,,... ,.,\ ' .. .t \v’\ a.A _‘\ [y
&v~ \* . oo .\.Y.w I Y Y N Ki o
! [ e N LN r T
WvH& _ \ ,,.// I {1 3 ,ﬁ.. > , . m._
- et SEB/ARIE § ! ARV, O
bof rnl\wfliu\):\r LR RS by cy rel ey eh e AT Y
;*!‘ I!ft\\.- SRS \4 .. A e R ST B N Sl w
+W N !I..\x\l MR X iR Nt XA s VY X vy et adAd
" 3 ORI
g2 - AP e 2
e . * - m. LR s SRR ] Q.
[ = T == B =] .} ; Yo LR I v ()
N W N ‘..l-‘ W.J:/,w.\.dw\l.\ [ >C
« | LT T )
. . r.i%.\,.\ﬁ A S Y
Cmne A G
M“ i w..w..r.r ) <
'} OOt MR NN B
. \J_ I ER X a P I A
[N &.* .-.~.7»\ Iy o ._ 7’ m
RN AN R .v [ ‘-\
X VAT Gy A v»L.»f ' /{2 &
L Jned G Yy T e S ames s St A -l
U A R Snnls L B ER RO SO iy B
NECA NIRRT IR0 Ns AES ORI KGR SR OR RN Y,
T 1 v‘/ﬂ-/. V) e A YA '..Y.‘:’..A. « i FIAX (..,r,.*/,l.:\‘f LY LR RSN K r..Y ea b v ypade oS
NN SR P S ST w A Lo e A A A (S T R T e
NSy b T FUSILIE £ S A QAN U SRS RN LA
LA SO RO R I AR,
.7*1?.4/-*.(.&&/\* Vs w«..,.r. Cy . ,:. *J:V,J.. Y..\.,n_..k..\. T /.\ . <...,r.4,l,~...\.lg‘\.. [N
ALt Ui AR AR ORI BRSO
RS SR SO (A LA RN D S R QIR O S G R RN U QLA S U
dL....\..\.».J N W BV ' Hr«_rm o \
A ] V(-,.vf,l*\ » uph ~. .v., ¥ N ~.\ -v(.._ .< v " ,.\ s .5‘\ .vq.. ‘. v.
Ly e BN s “ ¥ i ] SN . s B N .
_.s‘M.\“\m\ r tm..:.t'r‘t “ L..%L\ NS N rw..,.ﬁﬂ.w. r J O U r,.vau.: R G G
L SR vy ti b Y, R a! Yoo baoer ! (R
AENE 0,,‘/,/’ 4.~v.w~. a s .~v.~ [ S A R ¢ A R
vd ~f %-,\M ‘ ” °'--* . ’, .*Y } y } . ..~ Y 1 ! .‘.— Ll .~ - o.._ .
..v. .* v W -l o ﬂv.* -y . .Nvd; i v - . ..v,.“@ .q - s
R ) JBSOLLIEN! oot 4 | SN LS I - \Au
) -
g g : 8
- Q o (-]

SHOCK SPECTRUM

relative deflection response

pseudo velocity response

acceleration component | absolute acceleration response

2| g
2l o &
5]
moe
| & §
Emp
Pom
2| e 9
2l gz
C.l
ol & 8
2 % 9
T >
[O NN o ]
o o
L 38
g 2 N
Kl - 3 o
il £
58S
2 a2
a0 F A
ngg
S8 80
wooon i
T > o

FIGURE 1I-44 Damped Shock Spectra for a Triangular Acceleration
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(Gg)+(A) in./sec

d = (G2 (D) in.
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PARAMETER
(Gg)+(A) 1m./sec2

d = (Gr2)+(D) in.

v = {GgT)-(V) in./sec
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v = (Ggt)+(V) in./sec | velocity component

a = (Gg)+(A) in./sec2 acceleration component
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FIGURE II-109 Fourier and Shock Spectra for a Blast Acceleration Pulse

PARAMETER

d = (Gt4)+(D) tn,

v = (GgT)+(V) in./sec | velocity component
a = (Gg)-(A) ln./sec2 acceleration component




10.000

v SR NED

100.0

fr

1.0

(FREQUENCYJIX(PULSE PERIOD]

A

d3LIWVHYd ALIJ03A

{ >
r %&(Tf;
AL ISR
\. vﬂ.w.
m b | Jhora |
& LA ,s.» [
N A
- - Yl‘:‘l) <T- B
.lw -—— t() 9 .&, Wﬂr.w.i_r
A .lytq\lf.a._' Hoteo o
B S NS &
SRS
‘vﬁ‘d,.dqnﬂla,f -
faie
NERRIRE
g
e
i K
JEgr T
b Db
‘ f.. . ,ﬂ
) ERR N
/ .M.w «r.fw.._,
N N AR B % :
P -
! AV fRaue \ IR D SRS MO SV S SR
”‘ \\L.uw.r-..,.r T g R et ! U.L;f et
\ R RIS e
. ; r.fr”., e . @z\\lirwrr%yﬁ,‘. g
, .. RN S B AU /
Bk , M
w w ! ' 1 ! [N
pods 3T > AR
RN RS R
4 »...ﬁ. H. A S
. 1 oo T QYT
4 r R N
At Lax v N
1 e AR St s .
LY A th Ve L
w.\ x o 14 i : .
_.M. ..+ ...ﬁ._‘k..".” .M\.
1 Ly o MrL i ..\\..
[~ -
: g
o Q

SHOCK SPECTRUM
relative deflection response

pseudo velocity response

absolute acceleration response

w

with Step Rise and Decay of e

b
%
2 e o
Ol o 2 o
gl g & aq
= o0 9@ g
Ol & 5 o
m E g ©
Pomn..
Scom
B 6§ 2%
I«Lym
the
CII.
ewl
O = o
FflC
0 © O
T >
D~
2
DN @
£ g O
11n
el —~ —
HAasS =
m\.,\.:m.
S
F O O
5000
& w o uw w
T > ©

FIGURE II-110 Damped Shock Spectra for a Blast Acceleration Pulse

MITRON



(DEGREES)

PHASE ANGLE

FOURIER PHASE SPECTRUM

M TRON L
ose oss

—_— PR - L Tl SIS I r.'—.,__o_ti‘,.
s . ° )t |
— T — : ~ }
160. R e i B R R e S e I Gg-
? , T M
e I it ToEIU TR SP SR S NS S SRy G SY SN S
.
- .- - e e f B R SRS SP  P SHY +—~; IS -L‘;
140, ;i i i
e eIk SURER TR SRS D SR S O G --*—‘ bor g
’ +
| ; ! T
G P S UGPSRV DU G U SU
120. - P e At S RGP
’ . + .
N IRV EOERUUIS (S S SR R 3 + + +- 4
H . - i
I : 1 ' * —
100, " Tt e e L e e e s - }»JL«-M !
T X T T
_— BT SO P DU S S S —_.4»--4._«..,%7
v + - -
eo.lF—— - .- I kY LR, P —— ! b ey - + FL + !L%%
——t—t A —+—t
e 4 mms s T S (S SHUUD GRS g | NS S ! .
? T * e
S Y YIS ST D S SIS W T -—t
0. ! ' | L v
- - . B e o e S Ty SRS MDA TE ) S 1 OO M i+
: X q 1
T T > ! : I
0. -~ - - . D T LT T IPCEOIpID G Y - e g - — e hft-.{‘--»--». + ,‘Lﬁ+<
L - . [ S O . [ i D
’ + —
L - - . G TS PO SO, R G S
20. - . - oo ke ems - - R
I DU LT S S S SO SO (S S RO V) R S 0
+ + . —
e - - R e e o B TSP DD SIS GRS NSESS S S U S O B S
[ 7% S ——’-+,H_},‘n_-—.-r,- SRR U U SRR | An-«—.mw-a—-—-u»‘7~——~.-—<A~—~+—T‘~—¢ .0
. -
4+
b__,_,\ R ke ai e e I L TR T S S UCH I S S S T S
- 20. i ! i —_— |
! t T : X ' : —t
S ~\z B e T ik e eE Tt SOtV 0 SRR SO S S D A
. s
- ag e e N R e GRS RS SR G S SN S SR R
. + . . g
e . - . e ,.\ R T S KTtk T T SRPUSPEPREP SR S SPURP [ G U *,AA;_.JV?-».‘ -+
-s0. - e \L< R e T T T =S SIS S T
i ! . h
- + PO S E e
-080.[ - -
R Sy e e
b - s e e
-100. [ A ‘
b RN + P, 44 .- - - + . - . [ - . e 4
; ; :
Can S 4 . 4o - PR, - - e - o e
-120." - - . L e 3 ¢ . s -—
T i
. . B + EETE RS Y - + oo e s e P L s bR P ST S
i . " '
-1s0. - . ‘ = et b - - . ey L R R S PO e R =
- - — P SR Y S— . B P R S - . P B
: : + ; + 4 + 4
L . - IS i PO -~ 4= . o s e s - — . ’ - - - -
-160. | ; ’ ? 1
. - 4 . N - 4 4 -~ e b oy e s + 4 - D S Y be e A e e
: X i : . . N e
T T . :
i S T R e e e Rp_— oo e 4
L . B ‘
-190. ‘ A S DA SR S R R O O A o1

FIGURE II-111

- - %. .
(FREQUENC

YJX(PULSE PE

,,f-
RIGD)

fr

Fourier Phase Spectrum for a Blast Acceleration Pulse
with Step Rise and Decay of e

MITRON



- N L AN 77k
L' "4 OU AT SH R S PuN s . EO. N
* § Y . L + NGRS T
A L - Lyx.l.l lu\w\\.\!flAL‘Vf et oy A e
L <) B g RN S CER RN AN A e
&S S - - SR N »Lry‘ \.t“{. v e \P g o —
- [ PY L RN *Mt SN A% BN al \‘w A . N A
.xv”fl// a ‘v,..w..\. v 1 AY,/ % .\. ..... P N \\._ .,‘.‘.A.\.. ..\4.,\
R P e A e v s A HELLL
A Xy m RN U., A ' ASITERE! N
ABEIC N EH 5ot ol
. ' .fru PN = ‘_ \ g * s
P e b B s b
AR NN
5 A RN RN VI S
. ._ .. A ., NA i
O P P2 L ]9,
(P TS50 MR la
e " Kol 1 s 2 N ] o.
- AEh GO mE Wnn. 2 R it T b -
«M?44. -~ — b Cl [ (9] l.~4
AR R RN M Vew s v Wit N
Lo dog B 3 P b L
- " ..ﬂ.. 7114 P d - tr‘ v,,J., .«_
AN SRR U - ¢ [
~ e e e e 7 Wttt .. NR .
r/ 4. 3 /. o i J. h \ R
N\ i M ] b 13 .
> I Ee .
t ; 5 * L . ,.
..\ .11. Bl .D.Un w Voo did A
N \\Y _ 7 1A — Y s -
SR Oz _ , !
R { Fag ~—=— o 1 1
4 . ¢ a0 2 T He
I N N 3 ._ Az 1 | P
RS 1 Uy Al i
. H ’ ' < 0 .
/ka 4 vML,J[M/h» . w%k Pl ~.M. °
fW - .?.#ﬁ.«ﬁlf“ ; .TH..» ».L,:F, H L "
/, , - AR by b LA e
XN : R S K TN AR T thon
,w.r N LA Ak r‘,r;,. L Pk SR IERRg
{ [ I i L i [ ) C .
LI RSSO P IR S RN RN O
Ptk b o L e IR T r
AR RN SN U , R RN A
Z/, e e S R i aae T * - R r.\.ﬁ.,... QA SURCUNE N ISR 0 SO 85 N S N
! Sy N ap aten i AN A PR o
! K S ._ﬁx. H ' ” ,,\ ) ¥ i ﬁ\ ﬂ ¥ R N ,ﬁ ,ﬁ N ,.‘”“ TN
. e CA P TR . ! S, .
L. .vfsmvuv + 4“.. N - r 4 EUR IRVR .‘M‘ ORI WS W
.yuuﬁ Pl e ¢ ﬁ AR KO O
. .A... y e o. T ..._ -1 .
by (-] [ - . L/
LR R B S I T N (AT AN Y
RO AN U R .3 SODE i B L1 B /A
8 ) - ©
3 - 8 8
- o o o
A d313WVIVYd ALIJ0T13A

Fr

SHOCK SPECTRUM
relative deflection response

’

pseudo velocity response
2w

MITRON

(FREQUENCY)X(PULSE PERIOD)

FOURIER SPECTRUM
deflection component

(Gg)+(A) in./sec 2 acceleration component | absolute acceleration response
.with Step Rise and Decay of e

FIGURE I1-112 Fourier and Shock Spectra for a Blast Acceleration Pulse
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d = (Gr9)+(D) in.

v = (Ggr)+(V) in./sec| velocity component
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FIGURE II-113 Damped Shock Spectra for a Blast Acceleration Pulse

PARAMETER
v = (GgT)+(V) in./sec | velocity component

a = (Gg)-(A) :ln./sec2 acceleration component

d = (Gr%)-(D) in.
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